Quantification in molecular ultrasound imaging: a comparative study in mice between healthy liver and a human hepatocellular carcinoma xenograft.
The purpose of this study was to quantitatively assess the contrast kinetics of vascular endothelial growth factor receptor 2 (VEGFR2)-targeted microbubbles (BR55; Bracco Suisse, Geneva, Switzerland) compared to clinically used microbubbles (SonoVue; Bracco SpA, Milan, Italy) in both normal liver and human hepatocellular carcinoma xenograft tumors in mice. Microbubbles were injected intravenously into healthy mice (n = 5) and mice bearing hepatocellular carcinoma xenograft tumors (n = 10). Cine loops of contrast enhancement in normal liver and the tumors were acquired for 10 minutes. Quantitative perfusion parameters were derived by fitting time-intensity curves using a dedicated mathematical model combining a bolus function and a ramp function. Immunohistochemical examinations were also performed for normal liver and tumor specimens to determine the level of VEGFR2 expression. The peak contrast enhancement observed in normal liver with BR55 was comparable to that with SonoVue, whereas a significant difference was observed in latephase enhancement at 10 minutes (ramp slope: P < .01). In the tumor model, SonoVue was rapidly cleared from the circulation, without any noticeable binding in the tumor, whereas BR55 showed a gradual decline, resulting in a longer wash-out period (mean transit time: P < .01). Immunohistochemical examinations showed that intratumoral vascular endothelial cells had sparse and weak VEGFR2 expression, whereas the sinusoidal capillaries in normal liver had much more diffuse and much stronger expression. Our results suggest that BR55 accurately reflects the VEGFR2 status in human hepatocellular carcinoma xenograft tumors. We showed that quantification applied to molecular ultrasound imaging may provide an objective method for measuring the degree of microbubble binding.